Abstract-In this note, we point out the fallacies of a recent paper concerning the stabilization of underactuated robots.
Theorem 1: For any bounded measurement vector sequence f k g, the algorithm has the following properties:
3) k k k WC is bounded and nonincreasing; 4) k k k is bounded by k k k 2 k max (P k ) 2 0 max (P 0 ) :
Proof: It can be readily proved from formulas (6), (10), and (11) of the original paper 1 that 2 k P k 2 k01 P k01 . Hence, from Definition 1, k k k WC is bounded and nonincreasing. Since k k k k k k WC ; k k k is bounded, and (2) is satisfied. This completes the Proof of Theorem 1.
I. INTRODUCTION
In a recent paper, 1 a set-point control method for generic underactuated robots is proposed. Under the only hypothesis (hereafter denoted as H) that the constant desired configuration q d satisfies the dynamic constraint (3) of the paper, i.e., that the gravitational torque Gu acting on the passive joints is zero at q d , the authors claim to achieve global convergence of the (active and passive) joint errors to zero using a variable structure controller.
This result, which would be striking with respect to the state of the art in the field, is unfortunately false, even if the dynamic model is exactly known. We show this first through intuitive counterexamples and then pointing out the inconsistency in the given proof of Theorem 1, the main result of the paper.
II. COUNTEREXAMPLES
An examination of the proof of Theorem 1 reveals that neither the controllability of the underactuated robot nor the fact that q d is a closed-loop equilibrium are required. This suggests that the proof is The authors are with Dipartimento di Informatica e Sistemistica, Università di Roma "La Sapienza," 00184 Rome, Italy (e-mail: deluca@dis.uniroma1.it; oriolo@dis.uniroma1.it).
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wrong, as will be demonstrated in Section III. First, we present some intuitive counterexamples to the claimed convergence of the proposed controller.
3) Consider the same underactuated 2R robot of the paper (the so-called Pendubot). If the center of mass of the second link lies on the second joint axis (l c2 = 0), then G u (q) 0 and any constant configuration q d = (q 1d ; q 2d ) satisfies the working hypothesis H, i.e., the dynamic constraint (3) [which takes the form (29) for this robot]. Thus, the proposed variable structure controller should be able to achieve setpoint regulation regardless of the choice of q d . However, being in this case 2 m au = m uu = I 2 and h = 0, the passive joint equation (29) can be integrated as q1(t) + q2(t) = q1(0) + q2(0) = const 8 t having assumed zero initial velocities. This means that the second link orientation w.r.t. the ground will not change. Hence, although hypothesis H is satisfied, the proposed controller (in fact, any controller) cannot drive the robot to a configuration q d which does not satisfy the above integral constraint. 4) Assume now that the underactuated robot is controllable (l c2 6 = 0), and that G a (q d ) 6 = 0, i.e., a constant torque is required on the active joints to sustain the robot at the desired equilibrium. For the Pendubot, this occurs at all configurations with q 1d + q 2d = 690 (second link vertical) and q 1d 6 = 690 An even more general counterexample follows. 5) Consider any underactuated robot moving in the absence of gravity, and assume that the robot is initially at rest with the active joints already at their desired value, so that s a = 0. An easy calculation based on expressions (8) and (9) shows that the discontinuous controller (12)- (14) gives u a = 0, i.e., the 2 Note that the expressions of m and m in (28) of the paper should be reversed. 3 Below, we illustrate this fact analytically in a particular case and through a typical simulation result.
As in counterexample 3) above, consider an underactuated robot in the absence of gravity, and assume that the robot is at rest with the active joints already placed. Being sa = 0, both the discontinuous controller 
IV. CONCLUSION
We have shown through intuitive counterexamples, analytic arguments and numerical simulations that the variable structure controller proposed by Su and Stepanenko does not solve the set-point regulation problem for underactuated robots. Still, it may work in very special cases in which the desired configuration is "naturally" attractive for the underactuated system. The only simulation reported by the authors 3 In particular, the authors' expedient of setting in (14) _ k = when k = 0 is a useless artifice, because V will still increase at that instant. is one of these fortunate cases, because the objective there was to drive an underactuated 2R robot under gravity to the downward equilibrium position. However, it is obvious that the latter can be asymptotically stabilized much more easily by injecting viscous damping in the system: a trivial analysis of the tangent linearization at q d = (090 , 0 ) shows that simply setting u a = 020 _ q 1 is sufficient to achieve local asymptotic stability, with remarkably better performance than reported in the paper.
As a final comment, we wish to emphasize that the problem of stabilizing underactuated robots is much more complex than implied in the paper, and still open in the general case. Recent literature indicates that a clear distinction must be made between the cases of presence and absence of gravity. Under gravity, the tangent linearization of the system becomes controllable. Hence, smooth stabilization is possible and can be obtained through classical control techniques such as feedback linearization and passivity [1] . However, in complete contrast with the authors' hint in the Introduction, a greater challenge is to be faced in the absence of gravity. In this case, Brockett's necessary conditions [2] for smooth stabilizability are violated, and nonsmooth feedback laws must be used, exactly as in the case of first-order nonholonomic systems. The controller proposed by Su and Stepanenko is indeed discontinuous, but switching is introduced there only to account for the uncertainty on the dynamic model; lacking a mechanism for overcoming Brockett's obstruction, stabilization will not be achieved, even in the nominal case. A correct solution comes from nonconventional design approaches, e.g., see [3] .
Comments on "Adaptive Variable Structure Set-Point
Control of Underactuated Robots"
Tao Zhang
Abstract-This note points out several technical errors in the above paper. It is shown that the choice of Lyapunov function is inadequate for the system stability analysis. The asymptotic tracking of the unactuated joints is not achievable under certain conditions.
I. MAIN POINTS
The paper 1 The left-hand side of inequality (18) Therefore, the inequality (18) does not hold when k = 0 and su 6 = 0.
Once the inequality (18) of the paper 1 is broken down, the proof of Theorem 1 is questionable.
Even if k(t) 6 = 0 is assumed for all time, there is still an error in the proof of Theorem 1. Considering the case of k(t) 6 = 0 and sa(t) = 0, it can be seen from (12) and (13) that control input u a (t) = 0, i.e., there is no control action added on the robot system. No matter how you tune the parameter k(t), the changing of k(t) does not affect robot dynamics. In such a case, the choice of Lyapunov function (16) is invalid because signals s(t) and k(t) come from two separated systems [there is no physical relationship between s(t) and k(t)]. In fact, once s a goes to zero, the unactuated joints will not be affected by any control parameters. We can see this from Fig. 1 of the simulation example given in the paper, 1 which indicates that after the tracking error s a of joint 1 converging to zero for t > 10s, the tracking error of unactuated joint 2 does not go to zero.
In the following, we use a special case to show how an incorrect result is derived in the paper. This implies that su 2 L n 2 . Combining it with _ su 2 L n 1 can result in s u ! 0 as t ! 1. This is an unreasonable result because parameter k(t) does not affect system dynamics when sa = 0, the tuning law (14) itself cannot conclude the L n 2 property of s u . That is why the incorrect conclusion is obtained in Theorem 1 for the asymptotic stability of the unactuated joints. In summary, the major problem of the paper lies in the use of the adaptive law (14) and the choice of Lyapunov function (16) for the case sa = 0. In view of the fact that the controller (12)-(14) does not have any control action on the underactuated dynamics when s a = 0, under the present control structure it is impossible to achieve the asymptotic tracking for both joints unless the underactuated dynamics themselves are asymptotically stable.
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